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(54) ADAPTIVE CHANNEL EQUAUZER HAVING TRAINING MODE 

(57)Abstract: 

PROBLEM TO BE SOLVED: To achieve further fast 
equalization by using a received training data component 
during a prescribed period in a training mode by an equalizer 
one or more times and circulating received data through the 
equalizer. 

SOLUTION: An input signal is given to a feedforward filter 
(FFF) 20. The coefficient value (tap weight) of the FFF 20 is 
adaptively controlled by a coefficient control signal from a 
multiplexer 26. An equalized signal from the FFF 20 is 
connected to an equalized signal from a decision feedback 
filter(DFF) 30 by an adder 24. The coefficient value (tap 
weight) of the DFF 30 is also controlled by the coefficient 
control signal from the multiplexer 26 so that inter-symbol 
interference that is not eliminated by the FFF 20 can be 
eliminated. And, a received training data component is used 
one or more times during a prescribed period in a training 
mode by an equalizer 50 and received data is made to be 
circulated through the equalizer 50. 
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Sft§ tLfz h ly~-y^-'r~^!&'^it. MK b U-->- 
(VSB) ^lllff-^^-^^, 

~)VYn'mmi'k^^hW^\^fz^~'S'y\y~Mzi. o 

[it^jR4 ] mimmm-^tifz h v~-y^ir~'9m 
^\t. 't'<x<m\w^m^ivrzYv-=~y'ff-^\:xr 

X'Wik ^Kh 3 IBKiO ^ X T^i. , 

msmmm^titzhi—-y^y-'-^it. -^xcomim 

-)VYt^t:.<^(r)f~'?y ^ ~)VY^UMLizm&p N^^ 

HulBfffiJffl^ixit M— ->^^T-^{i, fjIBRlKPN 
^?'J^#S^V^^Ti^l>riaPNm?iMTT'«BS£§^i-l.lt 

[ if 8 ] fj iBSf ijffl ^fitzh^--y ^ 

»ttc7)2^cOMiBPN^^iJtj;0«l^t§tl-i.if*iI 
TlBmiO^-Xr-i., 

[ff^^ag] HfnBMx--y^^x-^{j. »w<^p 

[ it^iM 1 0 ] ifriBFJtjgw raiPBJi . y ^-)v v nmm 
rat, X— — ;i^K<7)io<7)x— ^Hr^-^o-bigra 



[0001] 
[0002] 

tz^y^^ ^-y';th± (jfi^SA^p30^^> 

9^ ^yi^n^tii. ^m'^n-y^ {9^J^^~7.) 

tmm^ D J? [znm^fi^m^'Ch^ . zmzii^)^ 
^mi^y^^MM.com'M.mmzm^ ttzxy-^ xj^y-co 

[00 03] §'<cr)'f 4 zy9)V^—9M\tiy:^'rMi^ 

imm^^fzmz. miximitimm-t^. mmim. 
com.wi:^mm'^izmmL. mM^wj^-xi^. i^*-r 

X/. am^i^. is&^^^fvcom'^izim-t^m^m 

mzj::^^^m^-t^y A'v^^^mm-r^. mtif. ^ 
fiizx*:^ i-y4'^fupmm:nii^^m^fi^. mm. e 

mm\zi. iQS^^^-xysvKi^yi^vmMW ( I s 

I ) ^Wicth. I S FJf^iO^yjjiVUKcMTX 

u^<nmzm< i^y^^ivx'. fh'&<ni^y^^)vm.ifi^t.^ 

fimf. mvtzi^yif^iv^^^ I s 1 1 i 0 . " d'-x 

[0004] m&m\\Lm±-^wm^z^ mj'r ^ -jsivy 
^}V9X't>h, isjjj^'ftgg^fiefflf ^ i^xT^A-cii, ^ 

\A^)v^^m^\zwm.-thfz^\z. y ^)V9^^^m^ 
^^h^mff'Smx'h^ . y ^ivsm^b^mzxhy 

)K<m^^Kx\-^-h\-:><^-ym,±. WLA^2.m.^n (lm 

[00 0 5 ] m\mmmifmkthn\t. mm ( y 
<}V9s-y ympi- )\±^^- n-jvm.^w^^zm'^'th fat- 
\tti:VK m\m\m.(nmiw-mm:'\i'jfzmz^ 
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mm. muyy^j^m-^ (pn) mm^hu-^^y^ 

[00 0 6 ] 

<7)gfiS(?)rJb-^?|< i t j: "QSftST-ffM^n 

£0" r^" m^^mKcoiz^^-o. vv~-yym^<r> 

^:<. m\m<n^in-b-h(^i^y~^^)v<n9m(r^m&®m\^ 

izim^tLi.hu-^y^^-m^-i:mm^^:fTmx d i^m 
K^MB&if. ^^y-^fw^^. m&zm^i-^fifzmt 

[ 0 0 0 7 ] jf>^ iyx^M.'Z-it. " 7-5 -iyY" mim 
mim(^)\m.immmm.Mt.zmm^K. r^*MP§^ 

Six.S.^T;P:?'yXi^{4, ^*eMfitT;k^"'JX\A (Co 
stant Modulus Algorithmic 
M A ) mf. W3'^^W.r)V-d UXA (Reduced 

Constel lation Algorithm, R 

CA) Thh. :ifi^<nr)v^'uxMi. mt\^. Pr 

oak i s til," ^^=J-^)Vm.m" v^n— b;P. - 

i^, 1 9 8 9^S.V\ Go d a r dtcj;l>, " 

'JTh^-y^y^^'" lEEEMmh^y^'^i-By. 1 
980^1 1^. -Ca^^jixTV^I), CMAJi^JS^A 

T-. miii^rifz'f-:$'>-y^^>V-cr,mMim±. M=S:-?.EtS 

oift-oyO^cT) (BBS) n(5oi-Q^5e^-ti>45'i:MS(ca<#-ii: 

tJI^^^^^, RCAti, MM 

m." ^mm-^^tizim-r?>. f-^m^it. mmz 

[0008] 

[ mm^»m-ti>fz^io^^k ] :$:^mcoB.imzm-o t , 
mm^mLx^my-'~9^mm^-\i:^ z. t izj:>owiz 
m\'-^mittmi&^ti^. v s B^mm^^mm-t^mm 



[ 0 0 0 9 ] 

m^^tifzTi'U'/w'DTYK^mn^t. mui. rf 

^' 7 >- K r 5 T^-X H D T V i^XT- AT'ftiS*i"S^§ 

fL:^c8-vsB^iRim-^T'S>-i.« vsBft^Ji. vmm 
mcomm<ofzi^iz. -y ^mi>zi±i:^n y ^m^n^^ 

[00 10] 1 994^4f^l 4BC0:^"yy¥T^-^T 
yXHDTViyX7-J^i±mTSm^ilX\-^hXol,Z. V 
SBfEjMi^XT^Ati. H2G^-rx-^7P-A7:r- 

»S-C-<7)/JvnM o hm^tiK V S BSfi«-C-<7)^-r V 
ra-y^i jtJSf^ ^3 *S!)(t^ fzMz , fEjMfl^lcf-tJD 
§tLS, ia2Sr#aSL. A{i, #7-f- 

;H^;Ci^8 3 2^fa^'>;i^";l^c7)3 1 3'fe^'',x >- b Sr^fTS 

2-^co7 — ;^^•2^^r•^•■l)o t^— ^•fei?'>i>'b{i:, mp 

{i , 4 y y h mmmmzm <828f~^ 

iyy-i^^JVi^-th. #7^-;l/Kcr)-fey^y h{±, 4^- 
>':J<VH2^-;<>'M5lMi-^(Ci^S, H)f^<?)5 1 1 jxi^;fr 
Jl-cr)m(0.y y^J^^^ ( P N ) ^^J t 3-O£?)0f£c?) 6 3 
i^y^i^Vt-OPNS^^iJA^SgS^, ^ffcT)!^^^, ilMt-'g.^ 
^--yl^KT-RKSnTV^S, VSBflJfPfi-^ (VSBix 

:x^';nes-9--f xsrHs-r^ ) afStT) 6 3 p n^s^o 

^flt,z'^mi^y^^)Vhm<7yy A—)VYi}^^::i\^ 

[00 11] EI1C7)^A— ^14*^^>t03ii^=^:«mS]fI 
-^{±. V S BmmmRV^. ^-y > "7- 1 8 1 J: 0 

a, FT^-f ryxHDTVi^>t,f-Aft«, s. 

W. Bre t Ifai^O" i^^^yKT^-YryXf'Vi/' 
^AlSff" , lEEER^femi^, 1 99 5^8Ht^tB« 

s/^ft-§■y^M O'y hm^^-^^mm-t^mmm&u-. & 
mny^^!i^~y'i>zx^nt>rL^. ist^^^ 

<^tii:h<~xy<y]^mmt. Mtt^cffi-^/tB^Stifc i 
i-^^^;l''f—:^i^y7r^/Vco^i^-t^. 1 
^ii^l^cr>mM^f\.fzl^yif^ivmk\t-. Ti'uyy'^i^^ 

m^tih. f-^'t^^'s^yhmmn^Rx/. >-y>iivt-^ 

u-y^' (^-fSy^-) WMt. W&<^yyyYT'7^T 
yXHDTVi^XxAttai. W. Bret 1 ffii?) 
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fL;t -t J< >• h HMfl-f-fi . Ti-U:^'^' ■< 'Ji' )V 
[0 0 12] T-yuy^ M^-^JV'^m^X 9c0tii^){i. 

7 •I' ~)VYnmm^wAmi i 7 tc-^^ ^>n..s. . ^-5 > k 

r^-f r>'>!.HDTVv;:^7'Aft#. W. Bre 

1 1 m<^-xmx\t. y ^ -!i mmm^mm^tm^^^ 
mmm^tkmm 1 7 ^ h iBiajft^fiK^i-^^^ai 

^uy'n-^^y^e 6izi^ik-t6. SBi g^^i^coT^"^ 

mUe OTU^^tl. ai:^J* /b'7-^'64tJ; 

ffi-^He 0«, ^J;t(S\ ±acOB ret 

6 4 {i^-x 4 ^/f-f' :^Tn-fe •y-tft ^— r' ^ ^/f 

f^tn^mmi^-t^. ^mi 5 1 1 7cf)fpc^)-t^':?ty 

-kmmm^^^ 6 6 ( v-^ ^ nrn-t •y^f ^-irO ) ^ 

BSPN (Mtt^^i'-i.s-^^^ij) ^^-fcisso^ftj^-r 
Y>'^Y\y~—y^mn^m\t^yyYTyATy7. 

HDTV ^-x^ixftatcS^ $ ixT V ^ -I. J: 0 . .A--f -h 

y-T-:^'^o[as^ftD3lL^^°^->^r■■^)'9, u 70 

>0^^>SiJ«ft^l&^fl6 6tcJ; ^im^ft^^^y°X2^-^ 

)^^~y\±m^ts:<r)x. y 4 -jvYnmmmmx' ^ m 

-^yb\ M— -y^W. WStci^tt^fiJtftf^^- 

[0013] b ^-->^'-fi-f-Bf iJffl7"o ./ 3 5 

mm 5 0 L T b 1^-- y^mnf- ^ ^mm-t 



^^fih. ioi^tc^ i^mmmmi^zn-yx. -a. 

y 4 -;b b fniajft-f-A^^ai^ti.. eil^ix^^c p n b i^- 
-y^mm^^mLtz^-^x y '}~M.t^h%i^rLh 
b. ^m^tifzY\y--yy'f-^m-^K. mitm^ 

^(?Mmmx\ bv--y^'"ff-f-tj:D . mmzm 
d^^fL.fznmmn^m.^<r>y 4-}VY^i,z. yy^r^ivf 
~^xY')~Acr)" T-i" 'mm^m<. ^■^^j:mmm 

[ 0 0 1 4 ] ii4{i. Yv-=^yym^mm^--y yv 

— 3 5cOSiHSr^-r» 7t)^h<r>" I " i^^-^i^/L- 

x-^XbU-Afi. -7;W^n/:^'tf4 1 0i:4 2 0£7) 

^'{imu x4 1 Oc7)ai^I*^fb^'flifl5 0^jM^>il-gi. m 
ux4 2 0 3&^^><?)ai^J7^-:5'. ASJx-:5';?.bU-A*^ 
^>aS:ffi§n.:tbP— ->-^'"7'-^{4. yN'>y7r;^^:'J 
ASOl^zmn^tl^. A--y:7T4 3 0{±RAMX{±, F 

iFOT-^<, ifc, zamiisi 8yylr^)W)YY— 
-y'7'r-9mnM^^M^h. t^^L. *«W»{i«f 

4 3Gcr>\!&tili. mu x4 1 Oc^m2fi-f-A 
ti<,z4-thfl. mux4 2 0com2fi-f-AS3t7'f-b 
^N'-y^^Sn..?.., mux4 1 OCO-roD^;!^']^*, Hl«0 

mmm^^^^e ex-!iLm.^fitzMmmmmzx mrh 
x'±^^fifzmfmn><zxYirhtLh. Hsji, mm 

[ 0 0 1 5 ] 04 ^: 5 ^#Jt-rS t . 7 -;Pb|31Mt 

^mmm 7 mi ) li. ^mm^ftrzy 'i-ii'Ymm 
m^izM L.mMLy4~/i' bisiMfi-^^mfi-f-*±jt 
■th. mm<7)n&xmcov-^-/YJimM. m^<Dy^ 

b mmimtmia sns t . mmm^^±^ e 6 
{i, 5 7 8i-y^^}mmt^imim^^'r^. ^<5^ 

fi-^ti, 7^-;Pbf5lMfi-^«!tiifi-^-CbU;yS:a, A 

^f~^XYV—J^cr)Yl——y^m-^r'—^^. 

'J Asoizm^^tf^^X'hh. mz. zcr>mxu. m 

ux4 2 0{i, mu:K4 2 0cr,m-^-Atilz4-thtLh'f 

5 7 8i>y;K;P-9-yr/b^ilig$-^S» :itiio<r>57S 
5^y#VKS. EI3T-^§^1^. b^-->'^>>^Vl.-f 

*V^5 1 1 i^y^-OPPN^^^jat^, fflV'^eSPNv- 

yt')vm9mm)i.^fi. A^oi^zu^^tit. m 

i<7)^JTii:ft^Df0 6 3 PNSxV^fiVL-JSf'J^^ 

)VW>^b^\,z^ ^xcr)3-o<r)b 3Pnyy'^^)V3.3\^^ 
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[0016] h — >':?''7^-:J':6^,X^: U l,zm^ i tfx. 

^it. m u X 4 1 0 im^t^ 5 0 izmj&^6 . imim 
c^mmiz^ »s L < ii 5 7 8 i^yir^j^ycommmcomm 

#m-r-&M— ->'^'fi^;^^y7otc-^^A.n-&, ci 

cO^JTii, ^ ^ U 7 0 {±*iPJc7) 5 7 8 >^>kSr-i-Ofi 

§ ThI. ->< ^ y 4 3 0 £0 h 1^- - y F^saais l 

T;'{^:i;4 3 O^^iij^y — 5i^T\ mu x4 2 OCOTfJl 

m-ti-m. hu-:=~y^''f-^li. ^iEL;^^y4 3 0 

tti^mux4 1 oOTfflA^iTi^^. ^^bs 

-^itl-§>mux4 1 0:*i»ji,^fi§fLf^M^— ~y^"7""— 
y 7 03&^^.cO;^?;fK2|ibU-::^>-^-x-:5'Sr 

n<7)¥mcDsmm i d $ s ^^^^^ mitfj-^x s ^x^c 

Wtilf. hu~-y^^'=i~vim^. Wzi.>o. ± 

[0018] meiz^-tmitm^-yhv-^x-it. mm 

(I S I) Sr-^tf. itOA*fi^{i, Mitfi/^^VH/ 

-fci^t LTUjf^-rs, n (mzmmm) y^-Yy*^ 

-Yy^JV^ (FFF) 2 0{z4-tt^tl.^. ZCOm^ 

y^;\^^2 0 coimm ( r?' y y'M^ ) «i , f^arT-?. . v 

fL-s , y^/i'^2o^>s^ cr)mt^ fitzima . ^ 
'tmt Lxmi^-r^ . m&y < - yj^-v 9y^)V'?3o 
t-h(^mi\L^fifzm^bim^2Axm^^fih. df 

F30{iFFF20icJ; DI^AT'^ ^r^^-^J^ci-y-'i^VkP^ 

m&^tifz:i^y-m^) T-Mffli^tiS, DFF3 0 
T-Vft: S ifx-l. A:^) fi-t« i T 1^ ^ -9- 2 8 j&> tt*^ § 
FFF2 0i;DFF3 0(J0M:S"{4. T'^-^^Hi; 



X. JSjiS (^) FFF 2 OtDFFB OOW 

m^i,zmimm.^mrf-t^r<i>-^)V¥ i ny ^ 

)V9Xhh. mz^i.hh.. :LfLh(^y 

FFF2 0(i. y^)-d~XVW.^^mc\^. DFF 
3 0 {i, h rJ--X bJi!cii-^^^t-r€> . F F F 2 0 h 
D F F 3 0 A:^]fi-f-^^'ai=DiCgfi§ti7'c: t ^ >i)^^> , 
mMm^A yr^ivxm'^ C I R) ^-KT-fD^t-'S.o 
FFF20i:DFF3 QXrmMt. F I RgBfSiS 

L*^L. 7^-KA-y^?l[j#{i, DFF30^. I 
I Rg«cOj;^tt!jf^S-ti:-|.. 

[0019] sns:il2 4*^^,offi^fi-t{4, ^^blsS o 

(ry^^m^X'hh. 1\m^2A(r>'^^\t. -?jV^rV7 
^2bmf. 28. X7-f-'f24. «ffe^|g-&S2 la 
t/\ C M A r 5 -O- Faf5T;l-3" y XJ^ Sr^r^fS . -ffi 

iii&M2 5&^r-r-&^-yb'7-i!'t:ig-^§n-So mm5 
[0020] f^jdrts J: -3 fc. 7 ^ vnmmmsi. 

-fe y h [5iaaft-^)^i^5i,i^^ mstLvtt^tc. mu 
x2 6{i:. 1»'?^i!)f^^-KT\ v-f ^'nTn-fe-yif6 
6tJ;04)S§n.;t©JfflIfi-^t:«tT, FFF2 0tD 

F F 3 0(r^mmmx-f^cr,2-yc7^m^<n\-\-rtLt)^'^im 
-rs , mux 2 6*^A,c7j;ix^:.«ft-^{i;, ^^ciimi^jm 

0<r)Xtiit^-tm3<:r)'7)V^y°\y':7^2 9<r)^ticrmcO 
^^^-f. M»:&^S^tl2 l£oai^J{4. X7-fXi9- 
ft^>&\ X(4. M^^-y^x5-ft-^<73V^-rix*^-C* 

:izx\ 

x5^xx5-=;^5-f-^?-4 0«aJ:?3 - ^-fCtfftll:^ 
M^--y^i5-=PNffiifi^ - mm\ii:h 

Xhh. V ly-~y7':^y-iM^^^-t6 t ^ (zlt. 
mimih:tii±. ^m'f-^xhV-J^coPNhU^-y 
^wm-ii-x'h^. 

[002 1 ] mux2 8{i:^-^^'n7°t3-fe-/H?-6 6:6^^> 

comitmmimizm tx . 3-ocox:nm'^c^^^~rtLt- 

^ D F F 3 0 COim-Xtl^iM^-t h „ i ti ^5 commit , 
mux28<7)miA^J (1) ^comm^^^ii- LX^-t 
l^tLi^mit^5 0liitsm^. mu x 2 840^2 A^tC#- 
X.(^tltX'y^^AOi)^^cr>\^f]m^. mf. mux 2 
8cOlS3A^Itc ( 3 ) t4-i.4tL^^^ y 7 025.V^« 

[ 0 0 2 2 ] 2 9i^A:^{5, 

ixi>„ mux2 9{4, y ^-)V]<wmm^mm^zmmp 
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-(■T4 0t^^C0liiMM^i'Sm-t^. mux2 9cr)ai:^ 

mo. «wij*s^ii2 uc^tii-^x-i.. :^y-mmi. 

yif^ioMz)i%\.zm:ih. ^m^MzVV~-y'/m 

^^^fm'A^Khh^<\.z^Wi^fihtj:lo. " r^" 

)'^-9~y\im\^x\^h')imi.^vK 

{±. " TA" f^S~yif^\-^X\-^ti:<h%,. M^--y 
[00 2 3] 1 SA^Sftfi-^tCn -y L J: 5 t L 

y^M±) -fhm. smyAymm (ago . i'-r $ 

i^^W, ^-^^ y TizmtX . FFF20i:DFF30 
LT V ^^rv ^m^Tfc I. , i ^OBft; . m u x 2 6 i: 
2Stc4-ii?.n.|.^-ft,S$lJfflfi-^{±, FFF20i:DF 
F 3 0 CO-^i!^ -yTCOmmm^ U -fe -y h L . Bf^cO^^-fe'n 

iz. FFF20^:DFF30«, ftf^t*n^>ix^^^r^^ 
fM*ffl>6^^A6n-K$n.|., >I<7)lDM4mT\ mux 2 
6i;28{i:, . rau x2 9 cOiUMi. Z 

cDt^ir M-^-L^W' ^X'h^. 
[0024] c MATJV^v ^ flgffl tfzy'y A yv 
mmma. mz. ac^^--^ ^y^tims&^tifzmi^zm 

^•^ y b mmm^-mmfs.j^mni^ titz t § - ^ , 

iirux26 A>^>FFF,DFF 

^mms. 0 

Zf'yAyY CMA 

vv——yy h\y—~y^y^y— 
mmmm) 



«fift^^07 ^ -/uv^mmm^-s^^iimiii^tim^z. 

CMATfUd'U XJ^COmmizmU-t^ o mzm u X 2 6 
t^X. ^>^Xl>^f[:m'Jffllff ^{±. m u X 2 6 //^(^Ati 
(1) *^<^FFF20tDFF30 «i^i5:MfPA^3^C 
MAr;P3'UXASr^fi:)-^-g.» -f-LT, mux2 8tC-^ 
;t^>fxS$iJ1Wft-f-{i. mux2 8(c^t^m:^3ft-f-^'e 

<^X1l ( 1 ) :^^^'^DFF3 0^^ff-^A^]^v3J|;3-1±S, y 
[0025] b U'-->'i/i:¥tJ^lc:|tl(t^>tl,Jt#ft;(7)3!!L 

m\i r<^^z^ y 4 -IV Y wmm^^wm.^ § fvtz^k 

\,z. ^A^y9'vi^y^ifm^'^t\.fz)L%\.z^^h. -r- 
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